To analyze the factors associated with stiffness of the great arteries in prepubertal children.
Traditional cardiovascular risk factors and associated alterations can act for decades, even before the onset of clinical manifestations of cardiovascular events. 11, 22 Arterial stiffness, an important determinant of blood pressure (BP) elevation and a predictor of adverse cardiovascular events, 10, 17 can manifest as early as in childhood -in children with low levels of physical activity, type 1 diabetes, or obesity.
3,4,6
The stiffness of the great arteries can be determined by various methods; the most indicated is measurement of pulse wave velocity (PWV), as it is easy to obtain and has good reproducibility. 24 Carotid-femoral PWV has become the most widely used method for assessing the degree of stiffness of the great arteries.
Epidemiological studies have observed an increased incidence of hypertension in children, probably due to its association with overweight and physical inactivity. 7, 13 Considering the association between arterial stiffness and hypertension, the evaluation of arterial stiffness in children 24 can clarify this association at an early age. Age, sex, body mass index (BMI), and BP are important factors in determining arterial stiffness from childhood. Li 14 (2010) , obese children had higher PWV than their normal-weight peers. The same was observed in the study by Sakuragi et al 19 (2009) , where BMI and percentage of body fat were associated with higher carotid-femoral PWV levels in children and adolescents.
In recent years, special attention has been given to the assessment of these risk factors from a life cycle perspective. This approach was based on studies that evaluated the association of birth weight and the development of chronic diseases, confirmed by subsequent studies in different countries. This evidence led to the development of the hypothesis of fetal origins of disease, known as the Barker hypothesis, 2, 15 which proposes that exposures during critical development periods (pregnancy and early childhood) may lead to permanent metabolic and/or structural changes to ensure the survival of the fetus in adverse conditions; however, these adaptations may increase the risk of developing chronic diseases in adulthood.
The relationship between low birth weight and arterial stiffness remains controversial, especially in low-and middle-income countries, as few studies have assessed this relationship in children from these regions; most studies were conducted in adults. Therefore, it is difficult to determine the exact moment at which the alterations found in the arteries were produced or whether these are typical of hypertension. Studies in children may contribute to a better understanding of this process in countries such as Brazil.
This study aimed to analyze the factors associated with stiffness of the great arteries in prepubertal children.
METHODS
This study had a convenience sample of 231 children aged 9-10 years enrolled in public and private schools in Vitória, ES, Southeastern Brazil, who had already participated in a previous study. 5 The sample size was calculated to reject the null hypothesis, with type I error of 5.0%, statistical power of 90.0%, and minimum difference in PWV of 0.5 m/s between groups. Consequently, the sample needed to comprise 224 children. Families were invited to participate in the study, considering the child's prior participation in other studies. Data were collected from July 2010 to November 2011 at the Health Sciences Center of the Universidade Federal do Espírito Santo (UFES), using questionnaires and clinical examinations.
In the initial assessment, 250 children aged 9-10 years came to the Cardiovascular Research Clinic (CRC) to be examined. Of these, 19 were excluded for not undergoing the main tests involved in this study (PWV and BP). The sample consisted of 231 children, of whom 50.2% were girls and 55.4% were 10 years old.
The examinations were performed by trained researchers in a calm, quiet, and climate-controlled environment (22°C-24°C). The children made a scheduled visit to the CRC and fasted (10h-14h) before undergoing the blood tests; their BP was measured using the oscillometric method with an automatic device (OMROM ® HEM-705CP), and their PWV was measured. The children were seated in comfortable chairs, and chair height was adjusted so that their feet were flat on the floor. The measurements were made on the left arm, which was supported by a movable stand that maintained the brachial artery at heart level. Cuffs appropriately sized to fit the children's arms were used; to choose the correct size, arm circumference was measured at the midpoint between the acromion and olecranon processes. The OMRON ® child cuff was used for subjects with arm circumference 16-22 cm and the OMRON ® adult cuff for subjects with arm circumference 23-33 cm. Three BP measurements were obtained, with a two-min interval between them. SBP, diastolic BP (DBP), and heart rate (HR) were determined by the arithmetic mean of the last two measurements. SBP and DBP were classified as normal (≤ 90 th percentile for age and sex), borderline (90 th -95 th percentile) or high (≥ 95 th percentile), as recommended by the VI Brazilian Guidelines on Arterial Hypertension. 21 Later, they were re-categorized as normal BP (< 95 th percentile) or high BP (≥ 95 th percentile).
PWV was obtained after resting in the supine position for five minutes, and the subjects wore clothing that allowed easy access to the right femoral and carotid pulses. A tape measure was used to measure the distance between the sternal manubrium and the femoral pulse. PWV was measured by the simultaneous capture of pulse waves in the right carotid and femoral arteries. Dedicated software (Complior; Artech Medicale, France) assessed the adequacy of pulse waves; for positive cases, PWV was calculated by the ratio between the manubrium-femoral distance and the time delay between the two pulses. The PWV of every child was determined based on the mean, which was calculated automatically from 12 heartbeats at a regular HR. It was classified into tertiles based on the following cut-off points: tertile 1, < 5.1 m/s; tertile 2, 5.1-5.5 m/s; and tertile 3 > 5.5 m/s.
Anthropometric data were collected as recommended by the World Health Organization (WHO). 24 Body weight was measured on an electronic scale (Toledo ® , model 2096; Brazil) with precision of 100 g. Height was measured by a portable stadiometer (Seca ® , model 206) attached to a flat wall with no baseboard.
a BMI was calculated, and the child was classified as normal weight or overweight according to WHO criteria. Waist circumference (WC) was measured using an anthropometric tape (Sanny ® ) at the midpoint between the lower edge of the lowest rib and the iliac crest. The waist-to-height ratio (W/H) was obtained from the ratio of the waist and height measurements. The assessment of pubertal stage was performed using the criteria proposed by Tanner 23 (1962), and was reported by the children. Data on birth conditions, eating habits, and the child's current health, as well as the durable consumer goods available at home were obtained through interviews with one of the parents or guardian. three categories:A+B, C, D+E.
b This variable was only used for sample characterization.
Birth weight was recorded based on the information on the child's health card. Approximately 30.0% of the cards did not include this data. In such cases, this was reported by the mother. Additionally, information on whether the delivery was preterm was collected.
The Kolmogorov-Smirnov test was used to assess the normality of continuous variables. Student's t-test for independent samples and the Mann-Whitney test were used to compare the means of continuous variables with normal distribution and non-parametric variables, respectively. The Chi-squared test (X 2 ) or Fisher's exact test were used to compare proportions. One-way analysis of variance (ANOVA), followed by a Tukey test, were used to compare more than two means. The Kruskal-Wallis test was used for non-parametric variables. Pearson's and Spearman's correlation coefficients were used to test the correlations of the variables, according to their distribution. A multiple linear regression was used to identify the partial and total contribution of the factors in determining PWV values. To be included in the linear regression model, the variables with non-normal distribution were log-transformed. The residues of linear regression were evaluated for normality. The significance level was set at a < 0.05.
Statistical analyses were performed using SPSS for Windows, version 18.0. 
RESULTS
The main clinical characteristics of the participants were stratified according to the PWV tertile, with a mean of 5.3 m/s (standard deviation 0.52 m/s), minimum value of 4.1 m/s, and maximum of 7.8 m/s ( Table 1 ). The only factor associated with PWV was nutritional status; 39.0% of the children classified in the highest PWV tertile were overweight, while this ratio was 33.0% (p = 0.01) in the lower tertiles.
Height was the only variable that was not associated with PWV (Table 2) . Mean SBP and DBP increased from the first to the third PWV tertile (p < 0.01). The same occurred with the anthropometric variables WC, W/H, and body weight (p = 0.01; Table 2 ). The differences between tertiles were due almost exclusively to the increases in BP and in the variables related to the excess weight of the children in the third tertile, when compared with the first two.
Birth weight was not associated with PWV (p = 0.68). The higher the child's BMI, the greater the PWV: 40.0% of the children with BMI > 20.3 kg/m² were in the highest PWV tertile (p = 0.01; Table 3 ).
Anthropometric variables and BP were significantly correlated with PWV (Table 4 ). However, due to colinearity between some of the anthropometric variables tested, only BMI and W/H were included in the multiple regression model. The other variables in the model were SBP, DBP, and sex.
Residual analysis demonstrated homoscedasticity. The factors that explained the changes in PWV were BMI and DBP (p < 0.01; Table 5 ).
DISCUSSION
BMI was associated with PWV in children aged 9-10 years. Although other anthropometric variables were also associated, only BMI remained in the final regression model. This finding is similar to that of Sakuragi et al 19 (2009), Núñez et al 14 (2010) , and Celik et al 3 (2011) , in which a positive association was observed between overweight and arterial stiffness in children and adolescents. Although obesity is an important risk factor for cardiovascular disease, the pathophysiological mechanisms that associate it with arterial stiffness are not fully understood, 18 especially in the age group assessed in the present study.
Unlike other studies, no significant association was observed between birth weight and PWV. The relationship between birth weight and arterial stiffness remains controversial. Martin et al 9 (2000) found a negative correlation between birth weight and carotid artery stiffness, assessed by ultrasound. Miles et al 12 (2011) found no association between arterial stiffness and birth weight, as assessed by carotid-femoral PWV. Conversely, in the assessment of carotid-femoral PWV in adolescents, Salvi et al 20 (2012) found a negative association between low birth weight and PWV. However, birth data was obtained directly from clinical records, thus reducing the chance of recall bias.
Studies assessing arterial stiffness in children are controversial. This is mainly due to the divergent methodologies used to measure arterial stiffness, such as different devices and arterial segments assessed. The distribution of blood components varies depending on the location of the vessel. The central arteries have a higher degree of elasticity because of high elastin/collagen ratio and low influence of smooth muscle tone. In contrast, the peripheral vessels have less elasticity, as they have a lower elastin/collagen ratio. Thus, the measurement method and the arterial segment evaluated must be considered. The results will probably not be the same if measurements are done in different segments. The values obtained in the aortic-brachial segment will be higher than those obtained in the carotid-femoral, considering the amount of elastin in each segment. 24 This study used the carotid-femoral PWV because it is considered to be the best method for assessing stiffness of the great arteries, especially the aorta.
The high frequency of overweight was probably related to the sample selection strategy. The participants had already participated in previous studies. Therefore, it is possible that parents who were more concerned with their child's weight responded more favorably to the invitation to participate in this study. This bias, however, does not hinder the objectives of this study, which did not aim to estimate the prevalence of structural or functional alterations in children, but rather to associate these variables with an outcome that characterizes stiffness of the great arteries, the carotid-femoral PWV.
Another limitation of this study is its cross-sectional design, which is not suitable for inferring causal association. Cohort studies provide the best conditions for assessing findings. 20, 26 However, the measurements were checked for quality control and the appropriate methodology was used for establishing the associations found in this study. This is one of the first studies in Brazil to assess arterial stiffness measured by carotid-femoral PWV in prepubertal children. The results of the present study can contribute to a better understanding of this subject in different locations where the lifestyle differs from that of the countries in which these parameters are usually studied. Arterial stiffness is often measured in adults, but its use in children has been previously reported. Most studies have demonstrated an association between increased PWV, age, and BP. 16 In this study, BP was controlled in the linear regression adjustment to assess PWV, and the age range studied was narrow (9-10 years). Thus, it did not affect the PWV result of in the studied population or the other findings.
Although BP was measured three times under controlled environmental conditions by a trained professional, this measurement cannot be considered as a reflection of the BP of the assessed children. Ideally, measurements are carried out at different times. Nonetheless, children who were in puberty were excluded, thus avoiding potential hormonal effects on the outcome (PWV) and on related factors such as overweight.
Overweight was the most important factor in determining arterial stiffness in this sample. Although it has not been widely studied in Brazil, the evaluation of the vascular structure and function measured by PWV can be useful for the identification of early vascular involvement in children. Therefore, the contribution of this research on the discussion of children's health is timely, particularly regarding the identification of future cardiovascular problems. 
